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I. IMROWCTION 
In t h e  design of mixer c i r c u i t s  f o r  use i n  microrave receivers  
t h e  reduction of mixer noise  is of prime importance. Any noise con- 
t r i bu ted  t o  t h e  incaning signal by the mixer rill result i n  a degra- 
dation of the  signal-to-noise r a t i o  a t  t h e  mixer output which  rill i n  
turn  cause an increase in t he  noiee f igure  of t h e  receiver. 
reduction i n  the  noise  f igure  of the mixer w i l l  r e s u l t  i n  increased 
-able output from t h e  receiver. 
Thus, any 
The problem arises as to how much degradation i n  the  sigpal- 
to-noise r a t i o  can be expected from passing the  signal-to-noise 
r a t i o  through a mixer. Previous work i n  t h i s  area by S. 0. Rice ha8 
l ed  to t h e  predict ion of theore t ica l  average degradation of t h e  input 
signal-to-nose r a t i o  of 3 db. 
h.ll a l s o  led t o  the  developnent of an expression f o r  the  minimum noise  
f igu re  t o  be expected from mixer c i r c u i t s  employing vacuum diodes. 
diode mixers used in micronsvc receivers today employ c rys t a l s  as t h e  
nonlinear e l a e n t  r a t h e r  than vacuum diodes. 
by personnel of t h e  Auburn Research Foundation to detelmine t h e  minimrrm 
1 
Revioua work by o ther  investig8tors'  
Most 
A study was undertaken 
degradation in t h e  input  simal-to-noise r a t i o  to be expected from a 
1. Rice, S. O., "Mathematical Analysis of Random Noise", Part JY 
B e l l  Svotem Techuical Journal, Vol. 24, 1M5. 
2 
c r y s t a l  mixer. 
estimate of t h i s  degradation from a simple measurement. 
decided, however, t o  do more extensive research on t h i s  subject.  
Much of t he  time spent i n  t h i s  study w a s  devoted to t h e  devel- 
The i n i t i a l  object of t h i s  study w a s  t o  obtain a quick 
It w a s  later 
opment of a va l id  technique f o r  measuring the  minimum noise  f igu re  
of a c rys t a l  diode mixer. 
t h i s  technique be applicable t o  any type of c rys ta l  mixer and not  to 
just one i n  par t icular .  
I t  w a s  t he  a i m  of t he  invest igators  that 
A f t e r  several months of work it was mutually decided t o  co l l ec t  
t he  information obtained from t h i s  invest igat ion and submit i n  report  
form; t he  repor t  t o  contain both posi t ive and negative data. 
This report  is a discussion of t h e  techniques applied t o  the  
solut ion of t h e  problem. 
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11. DISCU$SION OF APPROACHES TO TRE YHOBLRd 
R o  separate techniques were employed i n  an e f f o r t  t o  obtain 
experimental data  on the  noise figure of a c rys t a l  mixer. 
technique u t i l i z e s  IB c a r r i e r  s ignal  modulated with noise while t he  
second u t i l i ze s  a carrier signal with added noise  as t h e  input t o  the  
receiver .  
The f i r s t  
A block diagram of t h e  f i r s t  measurement technique is shown in  
Figure 1. A 22 kc/s C-W signal  is surnmed with 22 kc/s white noise 
from a random noise  generator. 
an  18.6 Mc/s r-f carrier signal.  This cons t i tu tes  t h e  s igna l  input t o  
t h e  receiver  which consis ts  of t h e  mixer, a high gain i-f amplifier,  a 
de tec tor ,  a bandpass f i l t e r  an a true rma voltmeter. The signal input 
t o  t h e  mixer S i ,  and the  noise  input t o  t h e  mixer Ni, are measured. 
Subst i tut ion of these values in to  the equation 
The r e su l t an t  signal is  used t o  modulate 
y i e lds  the  signal-to-noise r a t i o  a t  t h e  mixer input terminals. In t h e  
same manner the  signal-to-noise r a t i o  a t  t h e  output of t he  receiver  is 
found by w i n g  t h e  equation 
- S u s ,  
output NO 
where So and No are t h e  respect ive s igna l  and noise amplitudes at  t h e  
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output terminals of the receiver.  
with r e s u l t s  of equations (1) and (2) permit determination of t h e  noise 
f i g u r e  of the receiver f ron t h e  r e l a t ion  
The def in i t ion  of noise f igu re  together 
The data fhtll, obkined indicated tht *era existed e i t h e r  d f i t f -  
culty with the input+output bandwidtho o r  d i f f i c u l t y  with matching. This 
i a  evidenced by the  signal-to-noise r a t i o  a t  t h e  output being coneisfant ly  
higher than that a t  the  input. 
It w a s  a l so  found that equation (2) does not  include the  e f f e c t  of 
internmdalation prodncte, produced within the  mixer ae  a r e s u l t  of t h e  
intermediate frequency beating w i t h  t he  s igna l  noiee cogponenfe. 
second technique, which circumvente the re  d i f f i c u l t i e e ,  was then proposed. 
A block diagrem of t h e  second measurement technique i e  shown in 
A 
Figure 2. 
and a t r u e  r n u ~  voltmeter. 
by l i nea r ly  stumning an 18.6 Yc/e C-W eignal  with band-limited random 
noise  centered about 18.6 Mc/e. 
The receiver consis te  of t h e  mixer, a high gain i-f amplif ier  
The input eignal t o  the  receiver is obtained 
To correc t  the  previous bandwidth 
problem and to avoid bandwidth correct ions i n  t h e  f i n a l  data ,  t h e  band- 
widths obsemed a t  poin ts  B and C of Figure 2 are d e  equal. 
accomplished by connecting a sweep generator t o  p o i n t d  of Figure 2 and 
ad jus t ing  the  bandwidth observed at point  B. 
then connected t o  point B and the output bandwidth obeerved a t  point  C 
of Figure 2 is adjusted. 
Thia is 
The ereep generator i e  
Bemuse the input bandwidth bas a very l imited 
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range of adjuetment, t h e  output bandwidth is adjusted u n t i l  it is 
approximately equal to t h e  input bandwidth as shown in Figures 3 and 
4. 
taken to  ineure t h a t  the loading e f f ec t s  on t he  input and output 
c i r c u i t s  are not  changed. 
plns-noiee (S + N)i are measured. 
then calculated from the  equation 
Ihch time the  meep generator connections are challged care m a s t  be 
The input s igna l  Si? and t he  input signal-  
The input signal-to-noise r a t i o  is 
In l i k e  manner the  output s ignal  S 
0' 
(S i N)o are measured, and t h e  output signal-to-noise r a t i o  is computed 
from 
and t h e  output signal-plus-noise 
I SO 
IS i N)o - So 
The noise figure of t he  i-f amplifier is obtained with a Mega-Node Yodel 
403A Noise Diode. 
measured under the  conditions of  operation f o r  use i n  ca lcu la t ing  the  
mixer noiee f igure.  
In addition, the conversion l o s s  of the  mixer is 
The noise f igu re  of t he  receiver is given by 
P - Pm i L(Fif - 1) 
where 
F - t h e  noise f igu re  of t h e  receiver  
I 
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FIGURE 3 
IMPUT BlwDPASS OF' RIE WUREXEXT SYSTM, 
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FIGrmE 4 
OUTPUT -PASS OF THE MEASUREZGI'I?! SETEX, 
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Fm - the  noise f ignre  of the mixer 
L - the  conversion lose of t he  mixer, and 
Fif - the  noise figure of the i-f amplifier. 
The noise figure, P, of the  receiver is obtained from equation8 (4) and 
( 5 ) ;  the mixer conrereion loee L and W l i f i e r  noise f igure  Fig are 
measured quant i t ies .  
cryeta1 mixer io  given by 
The, from equation (e), the  noise f igure  of t he  
Fm - F - L(Fif - 1). 
The r e a a l t s  obtained using thio second technique again appeared to 
be incorrect  in that the  measured noise figore of the receiver raa less 
tban that of varionr components within t h e  receiver. 
The second measurement technique mum eaployed with both a single- 
Under the a s e q t i o n  that t h e  loca l  ended mixer and a balanced mixer. 
o m i l l a t o r  s ignal  i14  noiseless  it m s  found that the balanced mixer 
o f f e r s  no impomement in output signal-to-noise r a t i o  over the  single- 
ended mixer. 
there  would be noticeable improvement i n  the  output signal-to-noise r a t i o  
from tbe  balanced mixer. 
I f ,  however, the  local o m i l l a t o r  i m  coneidered noiay, 
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The reoults of the mixer noise study are inconclusive. It is 
bcleived, hmenr, that the baric approach to the problem is a 
one involving the meaourement of only a few, relatively simple quan- 
tities as sbom in equation (6). 
measurement of these quantities with sufficient accuracy. 
sound 
The difficulty appears ta be in the 
No ready 
solution has been found. 
It is recoasended that future work in this area be preceeded by 
an analytical investigation and a thorough study of receiver noise 
measurement techniques. This knowledge ohould indicate either a 
method for perfecting the meaourement technique described herein, or 
another measurement technique having a greater expectation of aucceo~. 
